Abstract. Mixed carcinoma of the pancreas is defined as the concurrent existence of pancreatic ductal carcinoma, acinar cell carcinoma, and/or islet cell carcinoma within the same neoplasm. We herein report a rare case of mixed ductal-acinar cell carcinoma in a 74-year-old man who was undergoing treatment for hypertension and diabetes at another hospital. After an abrupt worsening of his blood glucose control, the patient was referred to our hospital for further evaluation. Abdominal contrast-enhanced computed tomography and magnetic resonance imaging revealed a tumor with a multilocular cystic lesion in the head of the pancreas. Endoscopic retrograde cholangiopancreatography revealed obstruction of the main pancreatic duct and dilation of the dorsal pancreatic duct; in addition, adenocarcinoma was detected in the pancreatic juice cytology. Based on the abovementioned findings, the patient was diagnosed with carcinoma of the pancreatic head and underwent subtotal stomach-preserving pancreaticoduodenectomy. Based on the histopathological and immunohistochemical findings, the patient was diagnosed with mixed ductal-acinar cell carcinoma. The patient was prescribed TS-1 as postoperative adjuvant chemotherapy upon discharge. However, treatment was discontinued 2 months later due to marked general malaise, and the patient succumbed to tumor recurrence in the residual pancreas 12 months after the surgery.
Introduction
Mixed carcinoma of the pancreas is defined as the coexistence of exocrine and endocrine carcinomatous components within the same pancreatic neoplasm. Broadly stated, mixed carcinoma of the pancreas involves the coexistence of ductal and acinar cell carcinoma (1) . Acinar cell carcinoma accounts for no more than 1-2% of all adult pancreatic tumors (2) . The World Health Organization (WHO) classification categorizes mixed ductal-acinar cell carcinoma as a sub-class of acinar cell neoplasms (3) , and its diagnosis is established when 25% of the tumor displays acinar and ductal elements based on the pathological findings.
Mixed ductal-acinar cell carcinoma is extremely rare, with only 21 cases reported in the English and Japanese literature to date (4) (5) (6) (7) (8) (9) (10) , and its clinicopathological characteristics have not been clearly determined thus far. The current study herein describes our experience with a case of mixed ductal-acinar cell carcinoma in a 74-year-old male patient and discuss the relevant literature.
Case report
A 74-year-old man presented with an abrupt deterioration of blood glucose control, while undergoing treatment for diabetes and hypertension by a local physician in February 2016. Oral medication for both diseases had been prescribed at the age of 71 years. The patient had a history of pharyngeal cancer, for which he had received surgical treatment at the age of 69 years. The family history was unremarkable. Ultrasonography and computed tomography (CT) examination revealed a tumor measuring 30 mm in the head of the pancreas, as well as dilation of the main pancreatic duct. The patient was then referred to Tagawa Hospital for extensive evaluation and treatment. On physical examination, the patient's height and body weight were 167.0 cm and 52.5 kg, respectively. No anemia was detected in the palpebral conjunctiva, and the patient did not have jaundice, abdominal tenderness, or back pain. No other abnormal findings were observed. The results of the blood tests revealed that tumor marker levels were high. Carcinoembryonic antigen, 6.2 ng/ml (normal range, <5.0 ng/ml); carbohydrate antigen 19-9, 1131.4 U/ml (normal range, <37.0 U/ml); DUPAN-2, 240 U/ml (normal range, <150 U/ml) and SPan-1, 140.1 U/ml Mixed ductal-acinar cell carcinoma of the pancreas: A case report TAKAHIRO An abdominal ultrasound examination was performed, which revealed a well-differentiated solid tumor, measuring ~35x30 mm, with cystic components. In addition, the main pancreatic duct was dilated peripheral to the tumor. An abdominal contrast-enhanced CT scan revealed a mixed cystic and solid tumor measuring ~30 mm in the head of the pancreas, and dilation of the main pancreatic duct in the body and tail of the pancreas. Microcysts were visible in the dorsal pancreas. There was no invasion into the portal vein or the superior mesenteric vein; however, the lower common bile duct and intrapancreatic bile duct were compressed by the tumor. The part of the bile duct cranial to the lower common bile duct and intrapancreatic bile duct was dilated towards the head of the pancreas (Fig. 1A) . The surrounding lymph nodes were not enlarged, and there were no findings indicative of distant metastasis or peritoneal dissemination. Magnetic resonance cholangiopancreatography identified a multilocular cystic lesion measuring 40 mm, presenting as an aggregation of microcysts in the head of the pancreas with a solid component. Dilation of the pancreatic duct was observed towards the tail of the pancreas (Fig. 1B) .
Endoscopic retrograde cholangiopancreatography revealed stenosis of the lower bile duct 10 mm peripheral to the papilla of Vater. On pancreatography, almost none of the main pancreatic duct in the head of the pancreas was visualized, and dilation of the pancreatic duct dorsal to the head and body of the pancreas was observed. Concurrently, the pancreatic juice cytology revealed adenocarcinoma (Fig. 2) .
The abovementioned findings indicated an intraductal proliferative neoplasm with mixed solid and cystic components. Primary pancreatic cancer, pancreatic cancer with intraductal papillary mucinous neoplasm (IPMN), and pancreatic cancer with intraductal tubulopapillary neoplasm (ITPN) were considered in the differential diagnosis, and subtotal stomach-preserving pancreaticoduodenectomy was performed. During surgery, a tumor was identified in the head of the pancreas, which was firm and elastic in texture, measuring 40 mm in greatest diameter. The tumor was adjacent to the portal vein and the superior mesenteric vein; however, there was no gross invasion, and the tumor could be easily separated from these structures. Neither liver metastasis nor peritoneal dissemination were observed, and lymph node metastasis was not readily identified intraoperatively. As scheduled, subtotal stomach-preserving pancreaticoduodenectomy was performed, along with reconstruction per Child's method. The surgical specimen included a poorly differentiated tumor with mixed cystic and solid components (Fig. 3) . On histological examination, the lesion was primarily located in the main pancreatic duct; clear boundaries and portal invasion were observed (Fig. 4A) . The lesion comprised two components ( Fig. 4B) : One component formed irregularly sized tubular structures, which upon immunohistological examination were positive for epithelial tumor markers and carbohydrate antigen 19-9, therefore suggesting ductal carcinoma (Fig. 4C) . The other component exhibited proliferation of tumor cells with oval-shaped nuclei and eosinophilic cytoplasm, forming acinar structures. Upon immunostaining, this component was diffusely positive for trypsin, suggestive of acinar cell carcinoma (Fig. 4D) . Due to the concurrent existence of both components in the same tumor, the patient was diagnosed with mixed ductal-acinar carcinoma of the pancreas.
The patient's postoperative progress was uneventful, and no complications were reported. On day 27, the patient was discharged from the hospital and was prescribed titanium silicate (TS)-1 as postoperative adjuvant chemotherapy; however, due to marked general malaise, TS-1 was discontinued 2 months later. The patient succumbed to recurrence of tumor in the residual pancreas 12 months after the surgery.
Discussion
Although several cases of mixed acinar-endocrine carcinoma of the pancreas, composed of both acinar and endocrine tumor cells, have been reported, there have only been a few cases of resected mixed ductal-acinar cell carcinomas (1). The World Health Organization (WHO) classification categorizes mixed ductal-acinar cell carcinoma as a sub-class of acinar cell neoplasms (3). The diagnosis of mixed ductal-acinar cell carcinoma is established when 25% of the tumor displays acinar and ductal elements, based on pathological findings.
Mixed ductal-acinar cell carcinoma is extremely rare and, to the best of our knowledge, only 21 cases have been reported in the English and Japanese literature to date (4-10) (Table I) . According to these reports, the mean age of the patients was 69.8 years, the male:female ratio was 15:6, and the mean diameter of the tumors was 42.8 mm. In six cases the tumors were present in the tail of the pancreas, while in the remaining cases, the tumors were located in the head of the pancreas.
Preoperative diagnostic imaging of mixed tumors often reflects imaging findings for pancreatic ductal carcinoma and acinar cell carcinoma. On contrast-enhanced CT, pancreatic ductal carcinoma appears as a solid tumor with poor vascularity, whereas acinar cell carcinoma often has relatively rich vascularity and, in case of necrosis, cystic components are often observed. In the present case, we observed a mixed cystic/solid tumor in the head of the pancreas with an acinar cell carcinomatous component in addition to typical pancreatic ductal carcinoma. Histologically, no necrosis was observed, but there was stenosis of the pancreatic duct due to the protrusion of the tumor into the duct lumen; therefore, dilation of the main pancreatic duct distal to the head of the pancreas was observed.
Moreover, the present case exhibited pathological characteristics of both pancreatic ductal carcinoma and acinar cell carcinoma. The acinar cell carcinoma consisted of granular, eosinophilic cells forming acinar structures, while the pancreatic ductal carcinoma consisted of tubular formations. The differential diagnosis of tumors consisting primarily of cystic lesions originating from the pancreatic duct include IPMN and ITPN. There were no papillae observed in the present case, but rather conspicuous tubular structures were observed, which differentiated it from IPMN. The presence of tubular structures resembles ITPN; however, the mucous production in the present case ruled out ITPN. On immunohistochemistry, the acinar cell carcinoma component was diffusely positive for trypsin, while the ductal carcinoma component was positive for MUC1, MUC5AC and MUC6. Synaptophysin and chromogranin A were both negative, ruling out a neuroendocrine origin. Based on the aforementioned findings, the patient was diagnosed with mixed ductal-acinar cell carcinoma. Adenocarcinoma cells (of ductal origin) were confirmed on preoperative pancreatic juice cytology. In retrospect, however, small oval-shaped cells with a high N/C ratio were also present; the difference between these cells and normal columnar epithelial cells suggested an acinar cell origin. The ability to distinguish the disease characteristics in the present case, i.e., the ability to conduct special staining methods using cytology specimens, may have facilitated the preoperative diagnosis of this mixed neoplasm.
The mechanism underlying the onset of this mixed neoplasm remains largely elusive; however, a previous study revealed that all pancreatic cells differentiate from developmentally common progenitors (11) , namely the pancreatic duodenal homeobox gene-1-positive progenitor cells; however, the ductal lineage diverges at an early stage from p48-positive exocrine and endocrine progenitor cells (12, 13) . Pancreatic endocrine cells originate from embryonic Ngn-3-expressing cells (14) . Also, under certain conditions, acinar cells can transdifferentiate into endocrine cells (15, 16) . This may be one reason that ductal differentiation is rarer, despite the fact that acinar cell neoplasms often differentiate into pancreatic endocrine cells. Approximately 30% of all ACC cases exhibit chromogranin and synaptophysin neuroendocrine markers and neuroendocrine tumors may also focally express acinar markers (17,18). In terms of molecular pathology, pancreatic ductal carcinoma progresses through a multistage process from a premalignant lesion to invasive carcinoma due to the accumulation of mutations in KRAS and other genes; however, acinar cell carcinoma almost never harbors KRAS mutations or mutations of tumor suppresor genes such as P16, DPC4/Smad4, or P53 (19-21). As described above, the mechanism underlying the mixture of biologically different neoplasms is unclear and requires further investigation.
Mixed neoplasms of the pancreas are extremely rare, with only a few reports published in the literature to date. The developmental and clinical characteristics of these tumors have not been fully elucidated. Owing to the small number of reports on mixed pancreatic carcinoma, there is no consistent trend regarding outcome. We hope that further accumulation of cases will lead to the elucidation of the mechanism of onset and the establishment of optimal multimodal treatment in the future.
